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FOREWORD 

This Indian Standard ( First Revision ) was adopted by the Bureau of Indian Standards, after the 
draft finalized by the Gears Sectional Committee had been approved by the Light Mechanical Engineer- 
ing Division Council. 

This standard was originally published in 1974. The present revision incorporates the latest internation- 
ally accepted techniques for inspection of cylindrical gears which includes inspection of gear blanks of 
meshing gears, inspection of teeth forms of gears pairs and the inspection of gear pairs in assembled 
conditions. The gears are classified into 12 grades based on their accuracies. The revision also incor- 
porates the methods for determining individual errors, schematic for electronic pitch testing equipment, 
schematic circuit for single flank testing and measurement of double flank total composite error 

Assistance has been derived from the following standards while revising the standard: 

i) DIN 3960 : 1987 'Definitions parameters and equations for involute cylindrical gears and gear 
pairs', issued by DIN. D^utsches Institut fur Normung, Germanv. 

ii) DIN 3961 : 1978 'Tolerances for cylindrical gear teeth', issued by DIN. Deutsches Institut fiir 

Normung, Germany, 
iii) DIN 3967 : 1978 'System of gear fits, backlash tooth thickness allowances, tooth thickness 
tolerances, principles', issued by DIN. Deutsches Institut fiir Normung, Germany. 

IS 3681 : 1994 'Gears — Cylindrical gears — Accuracies {first revision )' may be referred for definitions 
and notations. 

In reporting the result of a test or analysis made in accordance with this standard, if the final value, 
observed or calculated, is to be rounded off, it shall be done in accordance with IS 2 : 1960 'Rules for 
rounding oS numerical values ( revised )'. 
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1 SCOPE 

1.1 This standard covers the general plan for 
cylindrical gears of involute, modified involute flank 
forms, comprising of gears with straight or inclined 
teeth for connecting parallel shafts. 

1>2 This standard cavers the inspection methods for 
gear teeth on cylindrical gears of module 1 to 70 and 
with reference circle diameter up to 10 000 mm graded 
in 12 gear tooth qualities. 

2 REFERENCES 

IS 3681 : 1994 'Gears — Cylindrical gears —Ac- 
curacies {first revision)' may be referred for definitions 
and notations. 



3 SYMBOLS 


a" 


- 


Radial pitch distance (double flank pitch 
distance) 


b 


- 


Face width 


d 


- 


. Reference circle diameter 


rfa 


- 


Top diameter, Blank diameter 


rfb 


- 


Base circle diameter 


^M 


- 


Measuring circle diameter 


fi 


- 


Profile form error 


A' 


- 


Single flank tooth to tooth composite error 


fi" 


- 


Double flank tooth to tooth composite enor 


fv 


- 


Individual pitch error 


/pe 


- 


Base pitch error 


/u 


- 


Tooth to tooth pitch error 


fHoi 


- 


Profile angle error 


fn^ 


- 


Flank line angle error 


hi 


- 


Longitudinal form error 


ff 


- 


Chordal height 


Tic 


- 


Constant chorda! height 


h 


- 


Normal backlash 


k 


- 


Number of teeth measured 


m 


- 


Module 


/Tin 


- 


Normal plane module 


mt 


- 


Transverse module 


Pb 


- 


Base pitch 


s 


_ 


Tooth thickness 



SMax - 


Maximum tooth thickness 


SMin - 


Mininium tooth thickness 


Sb - 


Tooth thickness on base cylinder 


?n - 


Chordal tooth thickness 


Sc ~ 


Constant chordal tooth thickness 


X 


Addendum modification co-efficient 


z 


Number of teeth 


2v - 


Virtual number of teeth 


A - 


Factor (Table 7) 


Ci - 


Factor (Table 8) 


Ci - 


Factor (Table 9) 


^M - 


Measuring pin or ball diameter 


Fi - 


Total profile error 


Fi' - 


Single flank total composite error 


Fi - 


Double flank total composite error 


^P - 


Total cumulative pitch error 


Fpk - 


Cumulative pitch error over jt pitches. 


Fpz/s- 


Cumulative pitch error over 1/8 of periphery 


P^ - 


Total alignment error 


Fr - 


Radial run-out error 


IT - 


Tolerance grade 


M - 


Tooth width 


Ml - 


Tooth width for module 1 


Mr - 


Dimension over pins or balls 


R? - 


Range of pitch errors 


Rs ~ 


Tooth thickness fluctuation 


a 


Pressure angle 


an - 


Normal pressure angle 


at - 


Transverse pressure angle 


aw - 


Working pressure angle 


ttwt - 


Transverse working pressure angle 


«R - 


Pressure angle, pin or ball 


«Rt - 


Transverse pressure angle, pin or ball 


P - 


Helix angle 


Pb - 


Base helix angle 


^ - 


Tooth thickness semi-angle 
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4 INSPECTION METHODS FOR 
CYLINDRICAL GEARS 

4.1 The logical order of manufacture of a gear pair is: 

a) Machining the blanks of the two gears, 

b) Cutting of the teeth of the two gears, and 

c) Assembling the toothed wheels in operating 
condition. 

It is, therefore, normal to carryout the successive 
inspection in corresponding order 

1 . Inspection of the blanks of the two gears. 

2. Inspection of the teeth of the two gears, and 

3. Inspection of the assembly conditions of the two 

gears. 

5 INSPECTION OF THE GEAR BLANKS 

5.1 Reference Axis 

In the case of pinions or wheels with bores, the axis of 
the bore is adopted as the reference axis. 

In the case of pinions on shafts, the reference axis shall 
be the bearing axis of the bearmgs. 

In order to facilitate the operations of machming, 
inspection and assembly of toothed wheels, it is 
recommended that radial and axial auxiliary reference 
surfaces should be indicated clearly on the working 
drawings ( see Fig. 1 ). 



-RADIAL 
REFERENCE 
SURFACE 



O 




TIP DIA 



AXIAL 

REFERENCE 

SURFACE 



Fig. 1 Reference Surfaces 



5.2 Tip Cylinder 

5.2.1 Tip Diameter 

The value of the tip diameter is not of essential impor- 
tance. In cases where the apparatus for mspecting the 
tooth thickness rests on the tip cylinder, allowance 
should be made for the tip diameter error. 

5.2.2 Radial Run-Out 

This is -the total range of movement of an indicator 
stylus which is in contact with the tip cylinder during a 
complete revolution of the gear (sec Fig. 1 ). This check 
is important only in the case where certain tooth inspec- 
tion instruments rest on the cylinder. 



53 Reference Surfaces 

53.1 Radial Run-Out 

This is the total range of movement of an indicator 
stylus which is in contact with the radial cylindrical 
reference surface during a complete revolution of the 
gear. 

S3JL Axial Run-Out (Wobble) 

This is the total range of movement of an uidtcator 
stylus which .is in contact with the axial reference 
sur&ce during a complete revolution of the gear. 

5.4 Tolerances on Gear Blanks 

The tolerances on gear blanks shall be as given in 
Table 1. 

6 INSPECTION OF GEAR TEETH FOR 
INDIVIDUAL ERRORS 

6.1 Circular Pitch Errors 

Circular pitch errors called as pitch errors in short, <ire 
measured on the reference circle or any other circle as 
close to it as possible and concentric with respect to the 
gear axis. The difference between the measuring circle 
diameter dM and the reference circle diameter d in- 
fluences the measurement of the error by the factor 
^/j^/ti and these errors are generally negligible. 

The measured values are also affected by eccentricity 
of the teeth with respect to reference axis and also by 
profile enoT. 

Inspection of the pitch by measuring the deviation from 
the design value is normally performed only on high 
precision gears where exact angular transmission is 
indispensable. A tooth flank is butted against a fixed 
anvil in the region of the reference circle while a 
movable measurii^ feeler senses the conesponding 
flank of the adjacent tooth. The dififerences between the 
adjacent pitches can be read from a dial indicator 
(see Fig. 2). 

Eccentricity of the teeth with reference to the gear axis 
gives rise to an error curve of overall sinusoidal form. 

When pitch measurement is carried out using a hand 
operated comparator, the computation of the individual 
pitch error, tooth to tooth pitch and total cumulative 
pitch error is carried out as given in Table 2 and the 
graph of the errors can be drawn from the values thus 
computed. 

The difference between the consecutive measured 
values gives tooth to tooth pitch error, /u. Then the 
algebraic mean value is calculated from all the 
measured values. The difference between the measured 
values and the mean value gives individual ptich error, 
/p. The algebraic addition of individual pitch error /p 
gives the cumulative pitch error. The total cumulative 
pitch error Fp is given by the difference between 
maximum and minimum values of cumulative pitch error. 

The circular pitch errors can also be measured by using 
electronic pitch testers. Individual pitch errors are 



Tabk 1 Toleninces on Gear Blanks (|Am) 
{Clause 5. A) 



QuaUty 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


Bore 

error of form 

Shaft 

error of form 

Tip diameter 


m 

m 

IT6 


U'Z 
IVl 
1X6 


113 
H3 

117 


1T4 
174 
117 


IT4 
IT4 
IT7 


IT6 
1X5 
117 


1X6 
ITS 
1X7 


1X6 
1X5 

IT8 


1X7 
IT6 
1X8 


1X8 
117 
IT9 


1X8 
1X8 

IXU 


1X8 


1X8 


ITll 


^^ Radial run-out of 
Tip cylinder 

Radial run-out of the 
reference surface 

Axial run-out of the 
reference surface 


2.5 


0.0W, + 5 


O.Ol&fg + 10 


0.25< + 15 




0.04^3 + 25 





NOXE — </a - Blank diameter, mm. 
' When the tip cylinder is used as a datum surface for a chedcing instrument 
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LOCATING SUPPORT 

COUNTER SUPPORT 
MEASURING FEELER 




LOCATING SUPPORT 



ANVIL 



Fig. 2 Inspection of Gear Teeto for iNDiviDtrAL Errors 



measured with an attachment for involute and helix 
testers, which operates on the comparison pitch 
measuring principle and at the same time defines a 
mean value. Figure 3 shows a schematic of an 
electronic pitch testing equipment The attachment 
compares the initial comparison pitch value 'O* of any 
one pitch of the gear widi all subsequent pitches. This 
is achieved with the electric tracer *IC which, with its 
pair of styli 'AT switched to difference measurements, 
measures values in relation to die initial datum value 
*0'. When the last measured value has been recorded, 
electronic unit *R* automatically evaluates the mean 
value which is then drawn automatically as a straight 
line through the previously recorded pitch diagram, llie 
actually recorded individual pitch errors are then read 
off along the line. 

6.1,1 Individual Pitch Error, fp 

Individual pitch tnot, ff is the difference between the 



actual value of a single transverse pitch and nominal 
transverse pitch. 

In a gear with z teeth there are z individual pitch errors 
of the right flank and as many of the left flanks. The 
errors, /p are obtained as the difference between the 
individual measured value and the mean of all z' 
measured values. 

6.12 Cumulative Pitch Error, Fpk. 

This is the deviation of the actual dimension of a pitch 
interval over k individual pitches from the correspond- 
ing nominal value. The cumulative pitch error is 
obtained as the algebraic sum of the k individual pitch 
errors contained in the interval, provided the error of 
measurement is sufficiently small. 



V-^/p 



TEible 2 IHtch Errors on Gears 

( Clause 6.1 ) 



Pitch No. 


Measured 
Value 


Tooth to Iboth 
Pitch Error 


Individual 
Pitch Error 


Cumulative 
Pitch Error 




Mm 


/iblUD 


/p,Km 


Fp, |im 


1 





1 


+1 


+1 


2 


+3 


3 


+4 


+5 


3 


+5 


2 


+6 


+11 


4 


+1 


4 


+2 


+13 


5 


-1 


2 





+13 


6 


-3 


2 


-2 


+ 11 


7 


-5 


2 


-4 


+7 


8 


-3 


2 


-2 


+5 


9 


-6 


3 


-5 





10 


-3 


3 


-2 


-2 


11 


-1 


2 





-2 


12 


+1 


2 


+2 





NOTE — Mean value 


+10-22 ,,„ 
— — - - 1 (Mean 


value to be rounded off to the nearest micrometer). 
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G Base or guide body for H and J 
H Carrier «de for electric tracer K 
i Carrier side for electric tracer L 
K Electric tracer for pitch tests, etc 
L Electric tracer for true running tests 
M Pair of tracer styli of K switched to 

different measurements. 
H Selector switdi for separate tracer pressure 

(Erection setting forM 
O Fine setting screw for adjusting the 

dtstaaoe between tracer styli of Af 
P Supportiag ball pin or ballAype stylus of 

L for true running tests 
Q Measuring head adjistment swivelling and 

locking monbers 



;::ffi^.'^ 




"^-^^^§ 



K 


Z 


Counting mechanism 




R 


Computer for mean value evaluation 


i 


S 


Measured value store 




T 


Stroke mechanism 




V 


Stroke restriction 


I 


V 


Indicator instrument 




W 


Electric tracer for involute tests, etc 


B 







Fig. 3 ELEcmctfflc Pitch Testing Equipment 



If the errors of all the pitch intervals are measured from 
a particular reference tooth profile or calculated from 
the individual errors^^ according to the above equation 
and then plotted against the ccnresponding teeth num- 
bers, then the cumulative pitch errors are obtained as 
per Fig. 4. 

6A.3 Cumulative Pitch Error Over 1/8 of Periphery, 
Fpz/8 

This is the cumulative pitch error over an interval of l/S 
circumfetence of the gear (k » z/8), 

€.IA Total Cumuladve Piteh Error, Fp 

The maximum cumulative pitdi enor in a_gear is called 
the total cumulative pitdi taor. It is indicated without 
sig^ and is obtained from tiie cumulative pitch errors as 
the dififcrence between the algebraic maximum value 
and the algebraic minimum valve. 

€AJ5 Range <^ Pitch Errors, Rp 

This is Hie diffo'ence between maximum and miiumum 
actual values of the transvose pitches of the right or left 
Qank^ofagear. 

€,lJi Tooth to Tooth Pitch Error, fu 

The tooth to tooth pitch error is the difference between 
the actual values of two successive right or left 
transverse pitches. 



Tooth to tooth pitch errors are directly obtained from 
circular pitch measurements as the difference of 
measurements of neighbouring pitches. 

i.1.7 Base Pitch Error, fp^ 

Base pitch error is the difference between the accual and 
nominal valuds of the base pitch. Deviations measured 
in die transverse plane are denoted by /pet and in the 
normal plane by /pen- 
Inspection is performed by means of a base pitch 
measuring instrument wliii± is pre-adjusted to settii^ 
gai^es. Either portable or bench instruments can be 
, employed. In both cases, measurement is independent 
of tihe gear axis witii no mflucnce of radial run-out on 
the base piU:h. See Fig. 5. 

The absolute value of the base pitch on the line of action 
is^n Idicative of the pressure angle. Error in the base 
pitcA implies an error in the pressure angle. 

For spur geais, error in die pressure angle can be 
determined by means of ttie equation: 

Pi,^jvncosa 

For helical gears, the measured enor of the base pitch 
may be dtie to an error in the pressure angle or in the 
helix angle or both. Measurement of the base pitch on 
the line of a<^ion is particularly important for the gears 
produced by single tooth cutters. 



IS 7504 : 1995 

Flank no. 



PITCH NO. 



21 12 3456789 10 11 12 13141516 1718 1920 21 , 

-^— , ,— 1 r— 1 1 1 1 I I I . 1 1 !^ . I ^ l - I , I -.J-.I *U 



213U 




n 



D 



i 



10 



Fp3 



Fp3 



11 



121 Rp 



li_L 



a 



15 



16 



^p 



D 



1l 



fl 



17 



u 



18 



a 



II 



19 



20 21 



11"^" 



:j 



a — Individual pitch error,^ marked as vertical blocks between the flnak numbers. 

Rp - Range of pitch wror, /u - Tooth to tooth pitch error 
b — Total cumulative pitch error referred to flank 21. 

Fp - Total cumulative pitch error. 
c — Cumulative pitch error over i ntervals of every three teeth, ;^3 (k = 3) shown as vertical blocks in the middle of the flanks. 

Fig. 4 DEXERMiNAnoNOF Pttch Error (Eg : 2i) 



MEASURING FEELER 




COUNTER SUPPORT 



BASE CIRCLE y 



Fig. 5 Measurement of Base Pitch Error 
6 
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6^ Flank Deviations 

6*2.1 Inspection of the Involute Profile 

This ins|^ction, together with the pitch measurement is 
of foremost importance in the sdbedule of individual 
error tests, since for the correct meshing and the 
measurement of gears it is essential that the tooth flanks 
are really involutes. 

The form of the profile can be optically enlarged and 
compared with the drawing of an involute, especially 
in case of fine pitches. The difficulty lies in determining 
the position of the profile in relation to the base circle. 

Usually the test is made by means of an apparatus which 
generates the true involute by rolling a straight edge on 
a base circle disc and records the deviations of the 
actual tooth profile to an enlarged scale on graph paper. 
See Fig. 6. ITie diameter of the base circle disc follows 
from the equations: 

For spur gears; 



For helical gears: 



rfj, =» z.m cosa 



dw = z.m 



cos^ 



tester, flank test grapb as shown in Fig. 7 can be 
obtained. 



BASE CIRCLE DISC 




STRAIGHT EDGE 



By plotting the flank deviations with the help of a flank 



Fig. 6 Insfection of Tooth Profiue 





© 
© 

BB 

AA,A'A' 
B'B\B"B" 

C'C, C"C 



Profile 
Total profile error, Ff 
Profile angle error /hu 
Profile form error,^ 



Flank Line 
Total alignment error, Fp 
Flank line angle ertorynp 
Longitudinal form error ^f 



Intermediate actual profile Intermediate actual flank line 

Nominal profile Nominal-flank lines which envelop the actual flank 

Actual profi le Actual helical lines which envelop the actual flank 

Nominal profile Nominal flank lines which cut the actual flank lines at the beginning 

and end point of the test range 

Fig. 7 Flank Deviations and Test Graph 
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6.2.1.1 Total profile error, Ff 

In a test graph, as shown in Fig. 7, ttie total profile error, 
Ff is the measurement made perpendicular to the paper 
feed direction between the parallel lines AA and A' A', 
drawn in the direction of the paper feed within the profile 
test region through the extreme point of the test graph. The 
desired modifications from the mvolute form are taken 
into consideration by corresponding deviations of the 
lines AA and A 'A ' from the straight line. 

6.2.1.2 Profile form error, f( 

In a test graph as shown in Fig. 7, the profile form error 
fi is the measurement taken perpendicular to the paper 
feed direction between the lines B'B' and B"B" which 
are parallel to the actual involute BB. Line BB is drawn 
to average the involute curve which touches the test 
curve within the profile test region. 

6J1.13 Profile angle error, /ho 

In a test graph as shown in Fig. 7, the profile angle enor, 
/Ha, is the measurement taken perpendicular to the 
direction of paper feed between the lines C'C and 
C"C" parallel to AA, which cut the line BB at the start 
and end point of the profile test region respectively. 

6.2.2 Inspection of Tooth Alignment Errors 

6.2.2.1 Total alignment error, Fp 

For measuring the tooth alignment errors. Fig. 8 shows 
an apparatus that imparts the gear, a rotation cor- 
responding to the helix angle set on the apparatus. This 
rotation, combined with the movement of the feeler 
parallel to the gear axis, results in a vertical straight line 
diagram, if the acutal helix angle coincides with the 
design value. 

In a test graph as per Fig. 7, the total alignment error 
F^ is the distance, measured perpendicular to the paper 
feed direction, between the parallel lines A4 and A' A' 
which are drawn in the direction of paper feed within 
the flank line test region through the extreme points of 
the test graph. The intended deviations from the helix 
line form are taken into account by corresponding 
deviations of the lines AA and A'A' from the straight 
line. 

6.2.2.2 Longitudinal form error, f^f 

The longitudinal form error, /pf of a tooth flank is the 
distance between the two helix lines with the actual 
lead, which touch and envelop the actual flank line 
within the flank line test region taking into account the 
intended deviations from the helix Ime form. 

6.2.23 Flank line angle error, /np 

For all the definitions and calculations concerning the 
gear pair, a flank line angle for an external gear is 
considered &% positive when it is right handed with 
respect to a helis line with the nominal lead and it is 
considered negative when it is left banded with respect 
tc a helix line with the nominal lead. In case of an 
internal gear, the signs are opposite. Thus m case of a 
spur ge-ir mating, equal errors with opposite signs can- 
cel eitch other out. 




Fig. 8 Apparatus for Measuring Tooth 
AuGNMENT Error 

Hence, there are two different definitions for the sign 
of the flank line angle error. In all production docu- 
ments^ test reporte, etc, the direction of the effect of the 
errors should be clearly indicated. 

In a test graph, as shown in Fig, 7, the flank line angle 
error, /h^ is the distance measured perpendicular to the 
direction of the paper feed, between the lines C'C and 
C"C" which are parallel to the line AA and cut the line 
BB at the end of the flank line test region. 

6.3 Radial Run-Out Error, Fr 

Radial run-out error, Ft of a gear is the radial positional 
difference of a measuring piece (Ball, cylinder or 
wedge), placed successively in all the tooth spaces, 
which touches the tooth flanks near the reference circle, 
while the gear is mounted on its guide axis, free to 
rotate. Ft is used to designate the maximum difference 
between the measurements at the gear periphery. 

The simple method to measure the radial run-out error 
of small and medium diameter gears consists of succes- 
sively introducing a ball or roller into all the tooth 
spaces, whilst the gear is supported between centres. 
The relative depths attained by the ball in the tooth 
spaces are read from a dial indicator. See Fig. 9. 

6.4 Tooth Thickness Measurement 

The measurement of tooth thickness is to guarantee the 
observance of a specified backlash for a given cenire 
distance taking into account, the inevitable tooth errors: 

a) Measurement independent of the axis is applied 
mainly for Setting up the gear production 
machine. It should be noted that the specifying 
of the tooth thickness consisteilt with a likewise 
specified backlash at the theoretical centre dis- 
tance postulates that all other errors are within 
their respective limits, particularly the radial 
and axial run-out Thus the measurement of 



8 
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Fig. 9 Measurement of Radial Run-Out Error 



looio tiiicKiiesti, muepcnaeni oi lat axis can dc 
regarded as a form of acceptance test only on 
condition that other errors (radial run-out in 
particular) are also inspected and remain within 
the limits specified. 

b) The measurement of tooth thickness with refer- 
ence to the axis, usually included in the accep- 
tance test schedule, supplies the most iniportatu 
information for the determination of the effec- 
tive tooth thickness, namely, the tooth thickness 
of an imaginary gear concentric with the axis, 
which encloses all the errors of the gear. 

c) The theoretical tooth thickness measured on the 
reference cylinder is: 



m 



— ^2x. tana 




REFERENCE CIRCLE 



^4)14- 



The tooth thickness fluctuation, ^s is the 
difference between the maximum and minimum 
tooth thickness 5 of a gear: 



Fig. 10 Measurement OF Tooth Thickness on 
Reference Cyunder 



6.4.1 Measurement of the Tooth Thickness by Means of 
Gear Tooth Calipers 

a) Measurement on the reference cylinder 

Refer Fig, 10. Measurement on the reference 






Sj^ = mjjy. sin ijj 



/i = m + :^m(l- cosijj) ± x.m 

. . . , jt 2x:.tana,. .. , 
m which ^ = :^^ ± ;; (m radians) 



2Zv Zv 



90" 



^ ■ for gears without addendum 

Zv 

modifications. 
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For spur gears: Zy^-z 

For helical gears -.Zy^z ~ 

mva 

For backlash allowance — ', the dimension 7 is 



to be reduced by 



h 



2cosa 



For corrected gears the dimension /la must be 
reduced by the appropriate amount 
b) Inspection by constant chord method 

Refer Fig. 11, in this case, the measurement is 
not taken on the reference cylinder, but a little 
higher, which has a detrimental effect when the 
pressure angle is large and/ or the number of 
teeth is low. 

1 



m . cos'a 



— ± Zv . tan a 



^,- 



m 



1 - T sina cosa ± x . cos^a 
4 



For module = 1 and a - 20**, Sc » 1.387 05 
and ftc- 0.747 58. 



CTC^ 




REFERENCE CIRCLE 
BASE CIRCL-E 



Fig, 11 Inspection OF Tooth Thickness BY 
Constant Chord Method 

6.4.2 Tooth Width Measurement with the Aid of M-Test 
Dimension 

The tooth width M is the distance between two parallel 
planes each touching a right and left flank in the vicinity 
of the pitch circle, measured over k teeth. See Fig. 12. 
Its particular advantage is that it permits measurement 
of the tooth width independent of the outside diameter. 
Since the variations in the pitch also come into the 
measurement, it is necessary to measure at several 



points of the periphery. All individually measured tooth 
widths must lie within the tolerances in accordance 
with tooth thickness fluctuation, Rs. 

Measurement is possible in case of both spur and helical 
gears. In case of helical gears, measurement has to be 
made in the normal plane. 

NOTE — ± sign used in the formulae given in the text 
means plus sign For positive correction and minus sign for 
negative correction and the absolute value of j:'is to be 
substituted in the formulae. 

6.4JE.1 General formulae 

The general formiila for nominal dimension M of tooth 
width is: 

Af « m« cos cte [(A: - 05) 3t + 2 . wv at] 

+ 2r.mii.sinan (1) 

To ensure the contact between the measuring jaws 
and tooth flanks is made near half the tooth depth, 
k must be calculated from: 



Jt- 



— 2 2.-tsniaii - mv at 



+ 0.5 



•(2) 



cos Pb 

k must always be rounded ofif to a whole number. 
The transverse wooing pressure angle awt on the 
cylinder with the diameter (d + 2r.mn) can be 
calculated from: 



cosowt - cosat — (3) 

z + 2x . cosp 

The helix angle on the base cylinder is computed 
from: 

tanPb - tanP cosai (4) 

The transverse pressure angle is calculated from: 

tanan 



tanat 



cosp 



(5) 



6AJ,Jl Gears without profile correction 



a) Spur gears 

The tooth width 'M' in case of a spur gear is 

calculated from: 

M^m cosa [{k - 0, 0.5) n + z.inv a] 

(6) 

The number of teeth measured is computed 
from the formula: 



a 



+ 0, 0.5 (rounded oJQf to whole 



180° 

number) (7) 

In case of spur gears, without profile conec- 
tion with module = 1; the value of k and the 
width Ml for the pressure angles a - 14,5°, 
15°, 20° and 30° can be obtained from the 
Tables 3 to 6. With any given module, the 
tooth width is computed from: 

M = Mi.m. (8) 
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IS 7504 : 19V5 
Table 3 Tooth Width of Gears Without Profile Correction, Module - 1, Pressure Angle = 143" 

(C/fl«s€ 6.4.2.2) 
z = number of teeth in gear blank, k = number of teeth measured, M^ = tooth width for module 1 

n . m„% cos 14.5^ - 3.041 527. m 

a - 14.5" 



z 


* 


Afi 


z 


k 


Afi 


z 


k 


ATi 


z 


k 


Mx 


z 


k 


A/i 








51 


5 


13.960 7 


101 


9 


263952 


151 


13 


38.829 7 


201 


17 


51.264 2 








52 


5 


13.966 


102 


9 


26.400 6 


152 


13 


38.835 1 


202 


17 


51.269 6 








53 


5 


13.971 4 


103 


9 


26.4060 


153 


13 


38.840 4 


203 


17 


51.274 9 








54 


5 


13.976 8 


104 


9 


26.411 3 


154 


13 


38.845 8 


204 


17 


51.2803 








55 


5 


13.982 1 


105 


9 


26.4167 


155- 


13 


38.851 2 


205 


17 


51.285 7 








56 


5 


13.987 5 


106 


9 


26.422 


156 


13 


38.856 5 


206 


17 


51.291 1 








57 


5 


13.992 9 


107 


9 


26.4274 


157 


13 


38.861 9 


207 


17 


51.2964 


8 


2 


4.605 2 


58 


5 


13.998 2 


108 


9 


26.432 8 


158 


13 


38.867 3 


208 


17 


51.3018 


9 


2 


4.610 6 


59 


5 


14XX0 6 


109 


9 


26.438 1 


159 


13 


38.872 7 


209 


17 


'51.3071 


10 


2 


4.616 


60 


5 


14.009 


110 


9 


26.4435 


160 


13 


38.873 


210 


17 


5 i. 312 5 


11 


2 


4.621 3 


61 


5 


14j014 3 


111 


9 


26.448 9 


161 


13 


38.883 4 


211 


18 


54.359 4 


12 


2 


4.6267 


62 


6 


17.061 2 


112 


10 


29.495 8 


162 


14 


41.9303 


212 


18 


54.364 8 


13 


2 


4.632 1 


63 


6 


17.066 6 


113 


10 


29501 1 


163 


14 


41.935 6 


213 


18 


54.370 1 


14 


2 


4.6374 


64 


6 


17.0720 


114 


10 


29J065 


164 


14 


41.941 


214 


18 


54.375 5 


15 


2 


4.642 8 


65 


6 


17.077 3 


115 


10 


29.5119 


165 


14 


41.946 4 


215 


18 


54.380 9 


16 


2 


4.648 2 


66 


6 


17.082 7 


116 


10 


29517 2 


166 


14 


41.951 8 


216 


18 


54.3863 


17 


2 


4.653 6 


67 


6 


17X)881 


117 


10 


29522 6 


167 


14 


41.957 1 


217 


18 


54.391 7 


18 


2 


4.658 9 


68 


6 


17.093 4 


118 


10 


295280 


168 


14 


41.%2 5 


218 


18 


54397 


19 


2 


4.664 3 


69 


6 


17X)98 8 


119 


10 


295333 


169 


14 


41.967 9 


219 


18 


54.402 4 


20 


2 


4.669 7 


70 


6 


17.1042 


120 


10 


29538 7 


170 


14 


41.973 2 


220 


18 


54.407 8 


21 


2 


4,675 


71 


6 


17.109 6 


121 


10 


295441 


171 


14 


41.978 6 


221 


18 


54.413 1 


22 


2 


4.6804 


72 


6 


17.1149 


122 


10 


295494 


172 


14 


41.984 


222 


18 


54.4185 


23 


2 


4.685 8 


73 


6 


17.1203 


123 


10 


29554 8 


173 


14 


41.9893 


223 


IS 


54.423 9 


24 


2 


4.691 1 


74 


6 


17.125 7 


124 


11 


32.601 7 


174 


15 


45.036 2 


224 


19 


57.470 8 


25 


3 


7.7380 


75 


7 


20.172 6 


125 


11 


32.6071 


175 


15 


45.041 6 


225 


19 


57.476 1 


26 


3 


7.743 4 


76 


7 


20.177 9 


126 


11 


32.612 4 


176 


15 


45.047 


226 


19 


57.481 5 


27 


3 


7.748 7 


77 


7 


20,1833 


127 


11 


32.617 8 


177 


15 


45XJ52 3 


227 


19 


57.486 9 


28 


3 


7.754 1 


78 


7 


20.1887 


128 


11 


32.623 2 


178 


15 


45.057 7 


228 


19 


57.492 2 


29 


3 


. 7.7595 


79 


7 


20,194 


129 


11 


32.6285 


179 


15 


45.063 1 


229 


19 


57.497 6 


30 


3 


7.764 9 


80 


7 


20.1994 


130 


11 


32.633 9 


180 


15 


45.0684 


230 


19 


57.502 9 


31 


3 


7.7702 


81 


7 


202048 


131 


11 


32.6393 


181 


15 


45.073 8 


231 


19 


57.5083 


32 


3 


7.775 6 


82 


7 


20.210 1 


132 


11 


32.644 7 


182 


15 


45.079 2 


232 


19 


57.513 7 


33 


3 


7.781 


83 


7 


20.215 5 


133 


11 


32.6500 


183 


15 


45.084 5 


233 


19 


57519 1 


34 


3 


7.786 3 


84 


7 


202209 


134 


11 


32.655 4 


184 


15 


45.089 9 


234 


19 


57.524 4 


35 


3 


7.7917 


85 


7 


202262 


135 


11 


32.660 8 


185 


15 


45.095 3 


235 


19 


57.529 8 


36 


3 


7.7971 


86 


7 


20231 6 


136 


11 


32.6661 


186 


15 


45.100 7 


236 


20 


60.576 7 


37 


3 


7.802 4 


87 


8 


23.278 5 


137 


12 


35.713 


187 


16 


48.147 6 


237 


20 


60.582 1 


38 


4 


10.849 3 


88 


8 


23.288 9 


138 


12 


357184 


188 


16 


48.152 9 


238 


20 


60.587 4 


39 


4 


10.854 7 


89 


8 


23289 2 


139 


12 


35.722 4 


189 


16 


48.158 3 


239 


20 


60.592 8 


40 


4 


10.860 1 


90 


8 


23.294 6 


140 


12 


35.729 1 


190 


16 


48.163 7 


240 


20 


60.598 2 


41 


4 


10.865 4 


91 


8 


233000 


141 


12 


35.734 5 


191 


16 


48.169 


241 


20 


60.603 6 


42 


4 


10.8708 


92 


8 


23305 3 


142 


12 


35.739 9 


192 


16 


48.174 4 


242 


20 


60.608 9 


43 


4 


10.876 2 


93 


8 


233107 


143 


12 


35.745 2 


193 


16 


48.179 8 


243 


20 


60.614 3 


44 


4 


10.881 6 


94 


8 


23316 


144 


12 


35.7506 


194 


16 


48.1851 


244 


20 


60.619 6 


45 


4 


10.886 9 


95 


8 


233214 


145 


12 


35.7560 


195 


16 


48.190 5 


245 


20 


60.625 


46 


4 


10.892 3 


96 


8 


233214 


146 


12 


35.761 3 


196 


US 


48.195 9 


246 


20 


60.630 4 


47 


4 


10.897 7 


97 


8 


23332 2 


147 


12 


35.7667 


197 


16 


482012 


247 


20 


60.635 8 


48 


4 


10.903 


98 


8 


23337 6 


148 


12 


35.7721 


198 


16 


48206 6 


248 


21 


63.6827 


49 


4 


10.9084 


99 


8 


23342 9 


149 13 


38.819 


199 


17 


51253 5 


249 


23 


63.688 


50 


5 


13.955 3 


100 


9 


26389 8 


150 13 


38.824 3 


200" 17 


1 51258 9 


250 


21 


63.693 3 
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IS 7504 : 1995 

Table 4 Tooth Width of Gears Without Profile Correction, Module = 1, Pressure Angle = 15° 

( Clause 6.4.2.2 ) 
2 = number of teeth in gear blank, k ~ number of teeth measured, M^ = tooth width for module 1 

Pg = m.Jt . cosl5° = 3.034 546.m 



z 


k 


Ml 


z 


k 


Ml 


z 


k 


Ml 


z 


k 


Afi 


Z 


k 


Afi 








51 


5 


13.958 4 


101 


9 


26393 6 


151 


13 


38.828 8 


201 


17 


51.264 








52 


5 


13.964 4 


102 


9 


26399 6 


152 


13 


38.834 8 


202 


17 


51.2700 








53 


5 


13.970 3 


103 


9 


26.405 5 


153 


13 


38.840 7 


203 


17 


51.2759 








54 


5 


13.976 2 


104 


9 


26.411 4 


154 


13 


38.846 6 


204 


18 


54.316 4 








55 


5 


13.982 2 


105 


9 


26.417 4 


155 


13 


38.852 6 


205 


18 


54.322 3 








56 


5 


13.988 1 


106 


9 


26.423 3 


156 


14 


41.893 1 


206 


18 


54.328 3 








57 


5 


13.994 1 


107 


9 


26.4293 


157 


14 


41.899 


207 


18 


54.334 2 


8 


2 


4J99 3 


58 


5 


14.000 


108 


10 


29.469 8 


158 


14 


41.905 


208 


18 


54.340 2 


9 


2 


4.605 3 


59 


5 


14.005 9 


109 


10 


29.475 7 


159 


14 


41.910 9 


209 


18 


54.346 1 


10 


2 


4.611 2 


60 


6 


17.046 4 


110 


10 


29.481 6 


160 


14 


41.916 8 


210 


18 


54.352 


11 


2 


4.617 2 


61 


6 


17.052 4 


111 


10 


29.487 6 


161 


14 


41.922 8 


211 


18 


54.3580 


12 


2 


4.623 1 


62 


6 


17.0583 


112 


10 


29.493 5 


162 


14 


41.928 7 


212 


18 


54.363 9 


13 


2 


4.6290 


63 


6 


17.064 3 


113 


10 


29.499 5 


163 


14 


41.934 7 


213 


18 


54369 9 


14 


2 


4.635 


64 


6 


17.070 2 


114 


10 


29505 4 


164 


14 


41.940 6 


214 


18 


54375 8 


15 


2 


4.640 9 


65 


6 


17.076 1 


115 


10 


29.511 3 


165 


14 


41.946 5 


215 


18 


54381 8 


16 


2 


4.646 9 


66 


6 


17.082 1 


116 


10 


29517 3 


.166- 


14 


41.952 5 


216 


19 


57.422 2 


17 


2 


4.652 8 


67 


6 


17.088 


117 


10 


29523 2 


167 


14 


41.958 4 


217 


19 


57.4282 


18 


2 


■ 4.658 7 


68 


6 


17.094 


118 


10 


29529 1 


168 


15 


44.998 9 


218 


19 


57.434 1 


19 


2 


4.664 7 


69 


6 


17.099 9 


119 


10 


29535 1 


169 


15 


44.004 9 


219 


19 


57.440 1 


20 


2 


4.670 6 


70 


6 


17.105 8 


120 


11 


32.575 6 


170 


15 


44.010 8 


220 


19 


57.446 


21 


2 


4.676 6 


71 


6 


17.111 8 


121 


11 


32581 5 


171 


15 


44.016 7 


221 


19 


57.451 9 


22 


2 


4.682 5 


72 


7 


20.152 3 


122 


11 


32587 5 


172 


IS 


44.022 7 


222 


19 


57.457 9 


23 


2 


4.688 4 


73 


7 


20.158 2 


123 


11 


32593 4 


173 


15 


44.028 6 


^23 


19 


57.463 8 


24 


3 


7.728 9 


74 


7 


20.164 1 


124 


11 


32599 3 


174 


15 


44.034 6 


224 


19 


57.469 8 


25 


3 


7.734 9 


75 


7 


20.170 1 


125 


11 


32.605 3 


175 


15 


44.040 5 


225 


19 


57.475.7 


26 


3 


7.740 8 


76 


7 


20.176 


126 


11 


32.611 2 


176 


15 


44.04*4 


226 


•19 


57.481 6 


27 


3 


7.746 7 


77 


7 


20.182 


127 


11 


32.617 2 


177 


15 


44.052 4 


227 


19 


57.487 6 


28 


3 


7.752 7 


78 


7 


20.187 9 


128 


11 


32.623 1 


178 


15 


44.058 4 


228 


20 


60.5280 


29 


3 


7.758 6 


79 


7 


20.193 8 


129 


11 


32.629 1 


179 


15 


44.064 3 


229 


20 


60.5340 


30 


3 


7.764 6 


80 


7 


20.199 8 


130 


11 


32.635 


180 


16 


48.104 7 


230 


20 


60.539 9 


31 


3 


7.777 


81 


7 


20.205 7 


131 


11 


32.640 9 


181 


16 


48.110 7 


231 


20 


60.545 9 


32 


3 


7.7764 


82 


7 


20.211 7 


132 


12 


35.681 4 


182 


16 


48.116 6 


232 


20 


60551 8 


33 


3 


7.782 4 


83 


7 


20.217 6 


133 


12 


35.687 4 


183 


16 


48.122 6 


233 


20 


60.557 8 


34 


3 


7.788 3 


84 


8 


23.258 1 


134 


12 


35.693 3 


184 


16 


48.128 5 


234 


20 


60.563 7 


35 


3 


7.794 3 


85 


8 


23.264 


135 


.12 


35.699 2 


185 


16 


48.134 4 


235 


20 


60.569 7 


36 


4 


10.834 8 


86 


8 


23.270 


136 


12 


35.705 2 


186 


16 


48.1404 


236 


20 


60.575 6 


37 


4 


10.840 7 


87 


8 


23.275 9 


137 


12 


35.711 1 


187 


16 


48.146 3 


237 


20 


60581 5 


38 


4 


10.846 6 


88 


8 


23.281 9 


138 


12 


35.717 1 


188 


16 


48.152 3 


238 


20 


605875 


39 


4 


10.852 6 


89 


8 


23.287 8 


139 


12 


35.723 


189 


16 


48.158 2 


239 


20 


60.593 4 


40 


4 


10.858 5 


90 


8 


23.293 7 


140 


12 


35.728 9 


190 


16 


48.164 1 


240 


21 


63.633 9 


41 


4 


10.864 4 


91 


8 


23.299 7 


141 


12 


35.734 9 


191 


16 


48.170 1 


241 


21 


63.639 8 


42 


4 


10.8704 


92 


8 


23305 6 


142 


12 


35.740 8 


192 


17 


51.210 6 


242 


21 


63.645 8 


43 


4 


10.876 4 


93 


. 8 


23.311 6 


143 


12 


35.746 8 


193 


17 


51.216 5 


243 


21 


63.651 7 


44 


4 


10.882 3 


94 


8 


23.317 6 


144 


13 


38.787 2 


194 


17 


51.222 5 


244 


21 


63.6577 


45 


4 


10.888 2 


95 


8 


23323 4 


145 


13 


38.793 2 


195 


17 


51.228 4 


245 


21 


63.663 6 


46 


4 


10.894 2 


96 


9 


26.363 9 


146 


13 


38.799 1 


196 


17 


51.234 3 


246 


21 


63.669 5 


47 


4 


10.9001 


97 


9 


26369 9 


147 


13 


38.805 1 


197 


17 


51.240 3 


247 


21 


63.675 5 


48 


5 


13.940 6 


98 


9 


26375 8 


148 


13 


38.811 


198 


17 


51.246 2 


248 


21 


63.681 4 


49 


5 


13.946 5 


99 


9 


26.381 7 


149 


13 


38.817 


199 


17 


51.252 2 


249 


21 


63.687 4 


50 


5 


13.952 5 


100 


9 


26387 7 


150 


13 


38.822 9 


200 


17 


51.2581 


250 


21 


63.003 3 
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IS 7504 : 1995 
Tiible 5 Tooth Width of Gears Without Profile Correction, Module = 1, Pressure Angle = 20" 

( Clause 6.4.2.2 ) 
z = number of teeth in gear blank, k = number of teeth measured, Mj = tooth width for module 1 

p^ - m.K cos20° - 2.952 133 m 

20° 



a 



z 


k 


Ml 


Z 


k 


Ml 


Z 


Jt 


Ml 


2 


k 


Ml 


z 


it 


Ml 








51 


6 


16.951 


101 


12 


35364 


151' 


17 


50.825 


201 


23 


69.238 








52 


6 


16.9650 


102 


12 


35378 1 


152 


17 


50.8390 


202 


23 


69.252 








53 


6 


16.9790 


103 


12 


353921 


153 


18 


53.805 1 


203 


23 


692660 








54 


7 


19.945 1 


104 


12 


35.4061 


154 


18 


53.819 1 


204 


23 


69.2800 








55 


7 


19.959 1 


105 


12 


35.4201 


155 


18 


53.833 1 


205 


23 


69.294 








56 


7 


19.973 2 


106 


12 


35.434 1 


156 


18 


53.847 1 


206 


23 


69.308 1 








57 


7 


19.987 2 


107 


12 


35.4481 


157 


18 


53.861 1 


207 


24 


72.274 2 


8 


2 


4540 2 


58 


7 


20.001 2 


108 


13 


38.414 2 


158 


IS 


53.875 1 


208 


24 


72.2882 


9 


2 


4554 2 


59 


7 


20.015 2 


109 


13 


38.428 2 


159 


18 


53.889 1 


209 


24 


72.302 2 


10 


2 


4568 3 


60 


7 


20.0292 


110 


13 


38.442 2 


160 


18 


53.903 2 


210- 


24 


723162 


11 


2 


4582 2 


61 


7 


20.043 2, 


111 


13 


38.4562 


161 


18 


53.917 2 


211 


24 


72.3302 


12 


2 


4596 3 


62 


7 


20.057 2 


112 


13 


38.4702 


162 


19 


56.883 3 


212 


24 


72.344 2 


13 


2 


4.610 3 


63 


8 


23.023 3 


113 


13 


38.4842 


163 


19 


56.897 3 


213 


24 


72.3582 


14 


2 


4.624 3 


64 


8 


23.037 3 


114 


13 


38.4982 


164 


19 


56.911 3 


214 


24 


72.372 2 


15 


2 


4.6383 


65 


8 


23.051 3 


115 


13 


38512 3 


165 


19 


56.925 2 


215 


24 


72.386 2 


16 


2 


4.652 3 


66 


8 


23.065 3 


116 


13 


38526 2 


166 


19 


56.9393 


216 


25 


75.352 4 


17 


2 


4.666 3. 


67 


8 


23.079 3 


117 


14 


41.492 4 


167 


19 


56.953 3 


217 


25 


75.3664 


IS 


3 


7.632 4 


68 


8 


23.093 3 


118 


14 


41506 4 


168 


19 


56.967 3 


218 


25 


75.3804 


19 


3 


7.646 4 


69 


8 


23.1074 


119 


14 


415204 


169 


19 


56.981 3 


219 


25 


75.394 4 


20 


3 


7.6604 


70 


8 


23.121 4 


120 


14 


415344 


170 


19 


56.995 3 


220 


25 


75.4084 


21 


3 


7.674 4 


71 


8 


23.1354 


121 


14 


41548 8 


171 


20 


59.961 5 


221 


25 


75.4224 


22 


3 


7.688 4 


72 


9 


26.101 5 


122 


14 


415624 


172 


20 


59.975 5 


222 


25 


75.436 4 


23 


3 


7.702 5 


73 


9 


26.115 5 


123 


14 


41576 4 


173. 


20 


59.9895 


223 


25 


75.4504 . 


24 


3 


7.7164 


74 


9 


26.129 5 


124 


14 


41590 4 


174 


20 


60.003 5 


224 


25 


75.4644 


25 


3 


. 7.7305 


75 


9 


26.143 5 


125 


14 


41.604 4 


175 


20 


60.017 5 


225 


26 


78.4305 


26 


3 


7.744 5 


76 


9 


26.157 5 


126 


15 


445706 


17^6 


20 


60.0315 


226 


26 


78.444 6 


27 


4 


10.710 6 


77 


9 


26.171 5 


127 


15 


445846 


177 


20 


60.045 5 


227 


26 


78.458 6 


28 


4 


10.724 6 


78 


9 


26.185 5 


128 


15 


44598 6 


178 


20 


60.059 5 


228 


26 


78.472 6 


29 


4 


10.738 6 


79 


9 


26.199 5 


129 


15 


44.612 6 


179 


20 


60.073 5 


229 


26 


78.4866 


30 


4 


10.752 6 


80 


9 


26.213 5 


130 


15 


44.626 6 


180 


21 


63.0397 


230 


26 


78.500 6 


31 


4 


10.766 6 


81 


10 


29.179 7 


131 


15 


44.640 6 


181 


21 


63.053 7 


231 


26 


78.514 6 


32 


4 


10.7806 


82 


10 


29.193 7 


132 


15 


44.654 6 


182 


21 


63.067 7 


232 


26 


78.528 6 


33 


4 


10.794 6 


83 


10 


29.207 7 


133 


15 


44.6686 


183 


21 


63.081 7 


233 


26 


78.542 6 


34 


4 


10.808 6 


84 


10 


29.221 7 


134 


15 


44.682 6 


184 


21 


63.095 7 


234 


27 


81.5087 


35 


4 


10.822 6 


85 


10 


29235 7 


13S 


16 


47.648 8 


185 


21 


63.109 7 


235 


27 


81.5227 


36 


5 


13.7888 


86 


10 


29.249 7 


136 


16 


47.662 8 


186 


21 


63.123 7 


236 


27 


81.5367 


37 


5 


13.802 8 


87 


10 


29.263 7 


137 


16 


47.676 8 


187 


21 


. 63.137 7 


237 


27 


81.5507 


38 


5 


13.816 8 


88 


10 


29.277 7 


138 


16 


47.690 8 


188 


21 


63.151 7 


238 


27 


81.5647 


39 


5 


13.830 8 


• 89 


10 


29291 7 


139 


16 


47.704 8 


189 


22 


66.117 8 


239 


27 


81.5788 


40 


5 


13.844 8 


90 


11 


32257 9 


140 


16 


47.718 8 


190 


22 


66.131 8 


240 


27 


81592 8 


41 


5 


13.858 8 


91 


11 


32271 9 


141 


16 


47.732 8 


191 


22 


66.145 8 


241 


27 


81.606 8 


42 


5 


13.872 8 


92 


11 


32285 9 


142 


16 


47.746 8 


192 


22 


66.159 8 


242 


27 


81.620 8 


43 


5 


13.886 8 


93 


11 


32299 9 


143 


16 


47.760 8 


193 


22 


66.173 8 


243 


28 


84.586 9 


44 


5 


13.900 8 


94 


11 


32313 9 


144 


17 


50.726 9 


194 


22 


66.187 9 


244 


28 


84.600 9 


45 


6 


16.867 


95 


11 


32327 9 


145 


17 


50.7409 


195 


22 


662019 


245 


28 


84.614 9 


46 


6 


16.881 


96 


11 


32341 9 


146 


17 


50.754 9 


196 


22 


66.215 9 


246 


28 


84.6289 


47 


6 


16.895 


97 


11 


32356 9 


147 


17 


50.7690 


197 


22 


66.229 9 


247 


28 


84.642 9 


48 


6 


16.909 


98 


11 


32369 9 


148 


17 


50.783 


198 


23 


69.1960 


248 


28 


84.656 9 


49 


6 


16.923 


99 


12 


35336 


149 


17 


50.7970 


199 


23 


69210 


249 


28 


84.670 9 


50 


6 


16.9370 


100 


12 


353500 


ISO 


17 


50.8110 


200 


23 


69.224 


250 


28 


84.684 9 
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Ihble € Tooth Width of Gears Witfaout Profile Correctioii, Module = 1, Prossuiy Angle = 30° 

(Clause 6.4.2.2) 
z - number of teeth in gear blank, k = number of teeth measured, M^ = tooth width for module 1 

p^ - m.ji cos30° - 2.720 698./« 

a -30° 



t 


k 


Ml 


Z 


* 


Mi 


Z 


k 


i Ml 


Z 


k 


Ml 


Z 


k 


Ml 








51 


9 


255000 


101 


17 


49593 


151 


26 


76.406 8 


201 


34 


100.499 9 








52 


9 


255465 


102 


18 


52360 3 


152 


26 


76453 3 


202 


34 


1005464 








53 


9 


255^1 


103 


18 


52406 8 


153 


26 


76499 9 


203 


34 


100593 








54 


10 


283603 


104 


18 


52.453 4 


154 


26 


76546 4 


204 


38 


103360 2 


5 


2 


4313 8 


55 


10 


28406 9 


105 


18 


524999 


155 


26 


76593 


205 


35 


103.406 8 


6 


2 


43603 


56 


10 


284534 


106 


18 


525465 


156 


27 


793602 


206 


35 


103.453 3 


7 


2 


4^406 9 


57 


10 


285000 


107 


18 


525930 


157 


27 


79.406 8 


207 


35 


103.499 9 


8 


2 


4^534 


58 


10 


285465 


106 


19 


553603 


158 


27 


79.453 3 


208 


35 


1035464 


9 


2 


45000 


59 


10 


285931 


109 


19 


55.4068 


159 


27 


79499 9 


209 


35 


103593 


10 


2 


45465 


60 


11 


313603 


110 


19 


55453 4 


160 


27 


79546 4 


210 


36 


1063603 


11 


2 


45931 


61 


11 


31.406 9 


111 


19 


55.499 9 


161 


27 


79593 


211 


36 


106.406 8 


12 


3 


73603 


62 


11 


31.4534 


112 


19 


55.464 8 


162 


28 


82360 2 


212 


36 


106.453 3 


13 


3 


7.406 9 


63 


11 


315000 


113 


19 


555930 


163 


28 


82.4068 


213 


36 


106.499 9 


14 


3 


7AS3 4 


64 


11 


315465 


114 


20 


583603 


164 


28 


82.453 3 


214 


36 


1065464 


15 




75000 


65 


11 


315931 


115 


20 


584068 


165 


28 


82.499 9 


215 


36 


1065900 


16 




75465 


66 


12 


343603 


116 


20 


584534 


166 


28 


82546 4 


216 


37 


1093602 


17 




75931 


67 


12 


344069 


117 


20 


58.4999 


167 


28 


82593 


217 


37 


109.406 7 


18 




103603 


6S 


12 


344534 


118 


20 


585465 


168 


29 


853602 


218 1 37 


109,453 3 


19 




10.406 9 


69 


12 


345000 


119 


20 


585930 


169 


29 


85.406 8 


219 


37 


109.499 8 


20 




-104534 


70 


12 


345465 


120 


21 


613603 


170 


29 


85.4533 


220 


37 


109546 4 


21 




105000 


71 


12 


345931 


121 


21 


614068 


171 


29 


85.499 9 


221 


37 


1095930 


22 




105465 


72 


13 


373603 


122 


21 


614534 


172 


29 


85546 4 


222 


38 


112360 2 


23 




105931 


73 


13 


374069 


123 


21 


61.499 9 


173 


29 


85593 


223 


38 


112.406 7 


24 




133603 


74 


13 


37453 4 


124 


21 


615467 


174 


30 


883602 


224 


38 


112.453 3 


25 




13.406 8 


75 


13 


375000 


125 


21 


615930 


175 


30 


88.406 8 


225 


38 


112499 8 


26 




13453 4 


76 


13 


375465 


126 


22 


643603 


176 


30 


88.453 3 


226 


38 


1125464 


27 




13499 9 


T7 


13 


375«0 


127 


22 


64406 8 


177 


30 


88.499 9 


227 


38 


112592 9 


28 




135465 


78 


14 


403603 


128 


22 


64.453 4 


178 


30 


885464 


228 


39 


1153602 


29 




135931 


79 


14 


40.4068 


129 


22 


64.499 9 


179 


30 


88593 


229 


39 


115.406 7 , 


30 




163603 


80 


14 


40.4534 


130 


22 


645465 


180 


31 


913602 


230 


39 


115.453 3 


31 




16.4069 


81 


14 


40.499 


131 


22 


64593 


181. 


31 


91.406 8 


231 


39 


11.499 8 


32 


6 


16.453 4 


82 


14 


405465 


132 


23 


673603 


182 


31 


91.453 3 


232 


39 


115546 4 


33 


6 


165000 


83 


14 


405930 


133 


23 


67.406 8 


183 


31 


91499 9 


233 


39 


115592 9 


34 


6 


165465 


84 


15 


43360 4 


134 


23 


67.453 4 


184 


31 


91546 4 


234 


40 


118360 2 


35 


6 


165931 


85 


15 


43.406 9 


135 


23 


67 499 


185 


31 


91593 


235 


40 


118.406 7 


36 


7 


193603 


86 


15 


43.4534 


136 


23 


675465 


186 


32 


943602 


236 


40 


118.453 3 


37 


7 


19.406 9 


87 


15 


435000 


137 


23 


67593 


187 


32 


94.406 8 


237 


40 


118.499 8 


38 


7 


19.453 4 


88 


15 


435466 


138 


24 


703603 


188 


32 


94.453 3 


238 


40 


118546 4 


39 


7 


195000 


89 


15 


435931 


139 


24 


70.4068 


189 


32 


94499 9 


239 


40 


118592 9 


40 


7 


195465 


90 


16 


463603 


140 


24 


70.453 3 


190 


32 


94546 4 


240 


41 


121 .360 2 


41 


7 


195931 


91 


16 


46.406 8 


141 


24 


70.499 9 


191 


32 


94593 


241 


41 


121.406 7 


42 


8 


223603 


92 


16 


46.4584 


142 


24 


70546 5 


192 


33 


97360 2 


242 


41 


121.453 3 


43 


8 


22.4069 


93 


16 


46.499 9 


143 


24 


70593 


193 


33 


97.406 8 


243 


41 


121.499 8 


44 


8 


22.453 4 


94 


16 


465465 


144 


25 


733603 


194 


33 


97.453 3 


244 


41 


121.546 4 


45 


8 


225000 


95 


16 


465930 


145 


25 


73.406 8 


195 


33 


97.499 9 


245 


41 


121592 9 


46 


8 


225465 


96 


17 


493603 


146 


25 


73.453 5 


196 


33 


97546 4 


246 


42 


124.360 2 


47 


8 


2259J1 


97 


17 


49.406 8 


147 


25 


73.499 9 


197 


33 


97593 


247 


42 


124.406 7 


48 


9 


25360 3 


98 


17 


49.453 4 


148 


25 


73546 5 


198 


34 


100360 2 


248 


42 


124.453 3 


49 


9 


25.406 9 


99 


17 


49499 9 


149 


25 


73593 


199 


34 


100.406 8 


249 


42 


124.499 8 


50 


9 


25.453 4 


100 


17 


49546 5 


150 


26 


76360 2 


200 


34 


100.453 3 


250 


42 


124.546 4 
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Fig. 12 Measurement of Tooth Width 



b) Helical gears 

In case of helical gears the tooth width is com- 
puted from: 

M - mn.cosan [{k - 0, 0.5) n + z.inv ot] (9) 

and the number of teeth is measured from: 



k*z 



at tanot tan^ Pb 
180° ^ 



+ 0.5 



.(10) 



for On - 20°, k can be obtained from Fig. 13. 
By introducing, constants that can be tabulated, 
foimula 4 can be simplified as follows: 

Af-mn(A+z.Ci) (11) 



where A - (Jk - 0.5)ji . cosan 
Ci «inv at . cosan 
The values of A for various values of A: are given in 
Table 7. The values of Ci for various helix anjgles 
p and various pressure angles an can be obtained 
from Table 8. The minimum face width b required 
for M-measurcment is calculated from formula 19. 

6A23 Gears with profile correction 

a) Spur gears 

The nominal dimension Af of the tooth width of 
a spur gear with profile correction factor x over 
k teeth is: • 



^ft ^^ ^^o 



^ -^ 



90.10^ j«fi 




All dimensions in millimetres. 
Fig. 13 Number of Teeth Measurement for a„ * 20** 
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Table 7 Factor A 

( Clause 6.4.2.2 ) 



k 


a„-14.5° 


a„ - 15° 


a„-20° 










2 


4.562 3 


4.551 8 


4.428 2 


3 


7.603 8 


7.586 4 


7.3803 


4 


10.645 3 


10.620 9 


10.332 5 


5 


13.686 9 


13.655 4 


13.284 6 


6 


16.728 4 


16.6900 


16.236 7 


7 


19.769 9 


19.724 5 


19.188 9 


8 


22.811 5 


22.759 1 


22.141 


9 


25.853 


25.793 6 


25.093 1 


10 


28.894 5 


28.828 2 


28.045 3 


11 


31.936 


31.862 7 


30.997 4 


12 


34.977 6 


34.897 3 


33.949 5 


13 


38.019 1 


37.931 8 


36.901 6 


14 


41,060 6 


40.966 4 


39.853 8 


15 


44.102 1 


44.000 9 


42.805 9 


16 


47.143 7 


47.035 5 


45.758 1 


17 


50.185 2 


50.0700 


48.710 2 


18 


53.226 7 


53.104 5 


51.662 3 


19 


56.268 2 


56.139 1 


54.614 5 


20 


59.309 8 


59.173 6 


57.566 6 



fc 


an -14.5° 


a„ - 15° 


a„-20° 


21 


62.351 3 


62.208 2 


60.518 7 


22 


65.392 9 


65.242 7 


63.470 9 


23 


68.434 3 


68.277 3 


66.423 


24 


71.475 9 


71.3118 


69.375 1 


25 


74.517 4 


74.346 4 


72.327 2 


26 


77.558 9 


77.381 


75.279 4 


27 


80.600 5 


80.415 5 


78.231 5 


28 


83.642 


«3.450 


81.183 6 


29 


86.683 5 


86.484 6 


84.135 8 


30 


89.725 


89.519 1 


87.087 9 


31 


92.766 6 


92.553 7 


90.04T) 


32 


95.808 1 


95.588 2 


92.292 2 


33 


98.849 6 


98.622 7 


95.944 3 


34 


101.891.1 


101.657 3 


98.896 4 


35 


104.932 7 


104.691 8 


101.848 6 


36 


107.974 2 


107.726 4 


104.800 7 


37 


111.015 7 


110.761 


107.752 8 


38 


114.057 2 


113.795 5 


110.705 


39 


117.098 8 


116.830 


113.657 1 


40 


120.140 3 


119.864 5 


116.609 2 



M » mcosa[(Jfe - 0, 5) Jt + 2.inva] + 2jcmsina 



.(12) 



Number of teeth measured, k is computed from: 



n 



tana^ - 2 ~tana - inva 



+ 0.5 



.(13) 



By introducing constant Cz, the formula 12 can be 
simplified as: 

M = miMi + C2) (14) 

Value of C2 can be obtained from Table 9. 
Value of A/i can be obtained from Tables 3 to 6. 



The effective pressure angle aw on the diameter 
{d + 2xm) is computed from: 



cosaw = cosa 



z + 2x 



.(15) 



b) Helical gears 
The nominal dimension M of the tooth width of a 
helical gear with profile correction over k teeth 
according to formula 1 is: 

Af = /Mn cosan [{k- 0, 5) or + z.inv a^] 

+ 2x:mnsinan (16) 





a) EVEN NUMBER OF TEETH b) ODD NUMBER OF TEETH 

Fig. 14 Dimension Over Balls or Pins for External Gears 
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Table 8 Factor C^ 

{Clause 6 A.2.2) 



p 


a„.14.5° 


a«-15° 


eg, -20° 


0" 


0.0053 68 


0.005 940 


0.014 005 


1° 


D.005 370 


0.005 943 


0.014 Oil 


2° 


0.005 378 


0.005 950 


0.014 030 


3° 


0.005 390 


0.005 967 


0.014061 


4° 


0.005 407 


0.005 982 


0.014 103 


5° 


0.005 428 


0.006 007 


0.014 159 


e** 


0.005 455 


0.006 036 


0.014 227 


r 


0.005 486 


0.006 071 


0.014307 


rio'51" 


0.005 493 


0.006 078 


0.014 325 


8° 


0.005 522 


0.006 112 


0.014 402 


9° 


0.005 564 


0.006 155 


0.014 510 


10° 


0.005 614 


0.006 212 


0.014 632 


10°48'25" 


0.005 657 


0.006 259 


0.014 740 


11° 


0.005 673 


0.006 271 


0.014 767 


12° 


0.005 727 


0.006 336 


0.014 917 


13° 


0.005 791 


0.006 408 


0.015 083 


14° 


0.005 863 


0.006 504 


0.015 262 


14°28'40" 


0.005 899 


0.006 527 


0.015 355 


15° 


0.005 940 


0.006 572 


0.015 461 


16° 


0.006 025 


0.006 666 


0.015 675 


17° 


0.006 115 


0.006 765 


0.015 908 


18° 


0.006 215 


0.006 875 


0.016 159 


18°12'36" 


0.006 238 


0.006 900 


0.016 213 


19° 


0.006 323 


0.006 4>94 


0.016 430 


20° 


0.006 437 


0.007 121 


0.016 721 


21° 


0.006 561 


0.007 256 


0.017 033 


22° 


0.006 694 


0.007 403 


0.017 369 



P 


a„-14.5° 


On -15° 


a«*20° 


22° 01 '28" 


0.006 697 


0.007 407 


0.017 377 


23° 


U.006 836 


0.007 561 


0.017 728 


24° 


0.006 988 


0.007 723 


0.018 113 


25° 


0.007 153 


0.007 914 


0.018326 


25°56'40" 


0.007 317 


0.008 092 


0.018 942 


26° 


0.007 327 


0.008102 


0.018 968 


ir 


0.007 515 


0.008 310 


0.019 440 


28° 


0.007 716 


0.008 531 


0.019 944 


29° 


0.007 931 


0.008 770 


0.020 484 


30° 


0.008 161 


0.009 024 


0.021 062 


31° 


0.008 409 


0.009 2% 


0.021 680 


32° 


O.OOS 674 


0.009 588 


0.022 341 


33° 


0.008 957 


0.009 900 


0.023 049 


34° 


0.009 254 


0.010 237 


0.023 808 


35° 


0.CO9 588 


0.010 598 


0.024 621 


36° 


0.009 932 


0.010 983 


0.025 492 


37° 


0.010 316 


0.011 399 


0.026 427 


38° 


0.010 721 


0.011 849 


0.027 431 


39° 


0.011 160 


0.012 330 


0.028 510 


40° 


0.011 632 


0.012 849 


0.029 672 


41° 


0.012 243 


0.013 410 


0.030 921 


42° 


0.012 690 


0.014 014 


0.032 269 


43° 


0.013 287 


0.014 670 


0.033 723 


44° 


0.Q13 931 


0.015 358 


0.035 295 


45° 


0.014 632 


0.016 149 


0.036 994 











k the number of teeth measured, computed from 
fonnula 2 is: 






tana„ 



2 -2— tanot„ - jrtv a, 



+ 0.5 



(17) 



cos Pt, 

k, for an = 20** can be obtained from Fig. 13. 

The transverse working pressure angle awt on the 
diameter {d + Zximn) follows from: 



cosa^ = cosot 



•a8) 



z-\-2x cosp 

By using tactors A, C\, Ci the following formula is 

obtained: 

M = /nn(A+z.Ci+C2) (19) 

where 

A = ik-Q.5)K costtn according to Table 7, 
C\ = cosan.invat according to Table 8, and 
C2 » 2x sinan accordingto Table 9, 
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Table 9 Factor C, 



( Clause 6.4.2.3 ) 







*»> 


0,-145- 


a, - 15" 


a, -20* 


^) 


a„-l45' 


«» - 15" 


a„-20' 


0.01 


0.0050 


0.005 2 


0.006 8 


051 


0.255 4 


0.2640 


03489 


0.02 


0.0100 


0.0104 


0.0137 


052 


0.2604 


0.2692 


03557 


0.03 


0.0150 


0.015 5 


0.0205 


053 


0.265 4 


0.2743 


03625 


0.04 


0.0200 


0.020 7 


0.027 4 


054 


0.2704 


0.2795 


03694 


0.Q5 


0.0250 


0.025 9 


0.034 2 


055 


0.275 4 


0.2847 


03762 


0.06 


0.0300 


0.0311 


OXMIO 


056 


0.2804 


02899 


03831 


0.07 


0.0350 


0.036 2 


0.0479 


057 


0.285 4 


0.2951 


03899 


0.08 


0.0400 


0.0414 


0.054 7 


058 


0.2904 


03002 


03967 


0.09 


0.0451 


0.046 6 


0.0616 


059 


0.2954 


03054 


0.4036 


0.10 


0.0501 


0.0518 


0.068 4 


0.60 


0.3005 


03106 


0.4104 


o.n 


0.0551 


0.056 9 


0.075 2 


0.61 


0.3055 


03158 


0.4173 


0.12 


0.0601 


0.0621 


0.0821 


0.62 


0.3105 


03209 


0.4241 


0.13 


0.0651 


0.067 3 


0.088 9 


0.63 


0315 5 


03261 


0.4309 


0.14 


0.0701 


0.072 5 


0.095 8 


0.64 


0.320 5 


03313 


0.4378 


0.15 


0.0751 


0.077 6 


0.102 6 


0.65 


0.325 5 


03365 


0.4446 


0.16 


0.0801 


0.082 8 


0.1094 


0.66 


03305 


03416 


0.4515 


0.17 


0.0851 


0.088 


0.1163 


0.67 


0335 5 


03468 


0.4583 


0.18 


0.0901 


0.093 2 


0.1231 


0.68 


0.3405 


03520 


0.4651 


0.19 


0.0951 


0.0984 


0.1300 


0.69 


0.3455 


03572 


0.4720 


0.20 


0.1002 


0.103 5 


0.1368 


0.70 


0.3505 


03623 


0.4788 


02\ 


0.1052 


0.108 7 


0.143 6 


0.71 


0.355 5 


03675 


0.4857 


0.22 


0.1102 


0.113 9 


0.1505 


0.72 


0.3605 


0.3727 


0.4925 


0.23 


0.115 2 


0.119 1 


0.1573 


0.73 


0365 6 


03779 


0.4993 


0.24 


0.120 1 


0.124 2 


0.1642 


0.74 


0.3706 


03831 


05062 


0.25 


0.125 2 


0.1294 


0.171 


0.75 


0.375 6 


03882 


05130 


0.26 


0.1302 


0.134 6 


0.177 9 


0.76 


0.380 6 


03934 


05199 


0.27 


0.135 2 


0.139 8 


0.184 7 


0.77 


0.385 6 


03986 


05267 


0.28 


0.1402 


0.144 9 


0.191 5 


0.78 


0.3906 


0.4038 


05336 


0J9 


0.145 2 


0.150 1 


0.198 4 


0.79 


0.395 6 


0.4089 


05404 


030 


0.1502 


0.155 3 


0.205 2 


0.80 


Q.Am 6 


0.4141 


05472 


031 


0.155 2 


0.1605 


0.212 1 


0.81 


0.405 6 


0.4193 


05541 


032 


0.1602 


0.165 6 


0.218 9 


0.82 


0.410 6 


0.4245 


05609 


033 


0.165 2 


0.170 8 


0.225 7 


0.83 


0.415 6 


0.4296 


05678 


034 


0.1703 


0.1760 


0.232 6 


0.84 


0.420 6 


0.4348 


05746 


0.35 


0.175 3 


0.181 2 


0.239 4 


0.85 


0.425 6 


0.4400 


05814 


036 


0.1803 


0.186 4 


0.246 3 


0.86 


0.4307 


0.4452 


05883 


037 


0.1853 


0.191 5 


0.253 1 


0.87 


0.435 7 


0.4503 


05951 


038 


0.1903 


0.196 7 


0.259 9 


0.88 


0.4407 


0.4555 


0.6020 


039 


0.1953 


0.2019 


0.266 8 


0.89 


0.445 7 


0.4607 


0.6088 


0.40 


0.2003 


0.207 1 


0.2736 


0.90 


0.4507 


0.4659 


0.6156 


0.41 


0.205 3 


0.212 2 


0280 5 


0.91 


0.455 7 


0.4711 


0.6225 


0.42 


0.2103 


0.217 4 


0.2873 


0.92 


0.4607 


0.4762 


0.6293 


0.43 


0.215 3 


0.222 6 


0.294 1 


0.93 


0.465 7 


0.4814 


0.6362 


0.44 


0.2203 


0.227 8 


0301 


0.94 


0.4707 


0.4866 


0.6430 


0.45 


0.225 3 


0.232 9 


0307 8 


0,95 


0.475 7 


0.4918 


0.6498 


0.46 


0.2303 


0.238 1 


0314 7 


0.96 


0.4807 


0.4969 


0.6567 


0.47 


0.235 4 


0.243 3 


03215 


0.97 


0,485 7 


05021 


0.6635 


0.48 


0.2404 


0.2485 


0328 3 


0.98 


0.490 7 


05073 


0.6704 


0.49 


0.245 4 


0.253 6 


0335 2 


0.99 


0.49S 7 


05125 


0.6772 


030 


0.2504 


0.258 8 


0.342 


1.00 


0.500 7 


05176 


0.6840 


^ In the cas( 


; of negative pn 


ofile correction 


a minus sign (-) njust ise placed 


before the vain 


es C2. 
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To ensure that two parallel planes touch the flanks, 
the face width must be: 



b a M sinp^ + ih^ cosp^ 



.(20) 



where b^ = Constant line overlap or width of the 
measuring surface in looth width measurement. 
For gears without chamfering 

6m > 1-2 + 0.018M 

6^4 > 2.0 + 0.03M 

Suitmiary of the important formulae for the tooth vviuth 
measurement with the aid of M-test dimension for spur 
and helical gears are furnished in Table 10. 

6.4.3 Tolerance on M-Test Dimension 

The upper allowance and tolerance on M-test dimension 
can be obtained by multiplying the upper tooth thickness 
allowance (A^^) and tooth tibickness tolerance (Jsq) values 
from Tables 7^nd 8 of IS 3681 : 1995, respectively by 
cosa^. 

6.4.4 Tooth Thickness Measurement Over Pins or Balls 
Tooth thickness can be determined by taking the meas- 
urement over pins or balls placed in diametrically 
opposite tooth spaces as shown in Fig. 14 and Fig. 15. 
Tliis method is suitable for both external and internal 
spur and helical gears. The size of the balls or pins should 
be selected in such a way that they touch the tooth flanks 
on or approximately near the reference circle. 

The theoretical dimension, Af^ over the puis or balls can 
be calculated from Table 11. The selection of pin or ball 
diameter and the calculation procedure for other 
parameters are given in Table 12. 
The tolerance on dimension, Af^ over pins or balls can 
be obtained by muiiipiying the upper iooth thickness 
allowance (A^^J and tooth thickness tolerance. (T^ 
values -from Tables 7 and 8 of IS 3681 : 1995, respec- 

cosa, 

tively by a factor given by -: — — - 

smag, . cosp 

6.5 Blue Beanng Test (TRA) 

Due to various gear errors and influence of working 
conditions, a gear flank will not have full bearing on the 
matuig flank in a gear mesh. The blue bearing test indi- 
cates Sie bearing zone of one flank with its mating flank. 




7 INSPECTION OF GEAK TEETH IN 
ASSEMBLY CONDITIONS 

7.1 Single Flank Total Composite Error Testing 

In this test two gears are meshed and rotated at the 
prescribed centre distance with either the right or left 
flanks in constant contact. See Fig. 16. The single flank 
composite errors of the right flank are generally 
different from those of left flank of the same gear. The 
deviations of the rotating positions of the gear with 
respect to nominal positions given by the positions of 
the matmg gear and by the ratio of the number of teeth 
are measured starting from a start position. For this, a 
comparative measuring device is required where the 
error free rotating angle positions are obtained. The 
errors are generally indicated as paths along with 
circumference of a measuring circle, for example, the 
reference circle or base circle. The errors can also be 

ohifn in aftcr1(>c 
O" "" "• -"» ■ 

7.1.1 Single Flank Total Composite Error, F\' 

In a circular test graph as shown in Fig. 17, the single 
flank total composite enor, F\' is the difference between 
the maximum and minimum distance of the recorded 
test graph from the axis of rotation of the test chart, 
namely, Fi' is the difference between the maxinium 
and minunum Y-axis of the test graph. 

7.1.2 Single Flank Tooth to Tooth Composite Error, fi.' 

The single flank tooth to tooth composite error,/;' is the 
maximum difference that occurs in the rotating posi- 
tions deviations within a rotating angle corresponding 
to the period of a tooth contact. 

7.2 Double Flank Total Composite Error Testing 

In this test two gears are meshed with each other and 
rotated with a left and right flank of the gears always in 
contact at the ^ame time (two flank contact) under the 
influence of a force acting in the direction of the centre 
distance. See Fig. 18. In this process, the changes of the 
centre distance are measured. The centre distance found 
in the double flank composite error testing is designated 
as a". 




a) EVEN NUMBER OF TEETH b) ODD NUMBER OF TEETH 

Fig. 15 Dimension Over Baixs or Pins for Internal Gears 
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Table 10 Suntmary of Important Formalae for the Tooth Width Measurement 

(Clause 6.42.3) 





Gear Profile 


Tooth Width, M 


Number of Teeth 
Measured, k 


Gears without profile 
correction 


Spur gears 


M-m.Mi 


According to 
Tables 3 to 6 


Helical gears 


M-m^{A*z. Ci) 


According to 
Fig. 13 


Gears with profile 
oorrection 


Spur gears 


M~m.{Mi + C2) 


According to Tabli^ 
3 to 6 Of Fig. 13^^ 


Helical gears 


Af-mn(A+2.Ci+C2) 


According to 
Fig. 13 



M\ = according to Tables 3 to 6 
A = according to Table 7 
C\ = according to TaWe 8 
C2 = according to Table 9 

^^ Cheds whether the value of k read from Tables 3 to 6 and also from Fig. 13 are the same. If the value is not same, use 
Uie fomiulae 12 and 13 of 6.4.23 to evaluate M and it. 



7 Jl.l Double Flank Total Composite Error, F\" 

Refer Fig. 19. Tlie doable flank total coin}K>site error, 
Fi" is the difference between the maximum and mini- 
mum workii^ centre distanix within one test rotation. 

7^.2 Radial Run-Oia Error, Fr 

TTie radial run-out error^r is the longwave component 
of the test diagram. This component can be obtained by 
drawing an averaging line thereby suppressing the 
short-wave components. The radial run-out error, Ft is 



the distance between the highest and lowest points of 
an averaging line. 

723 Double Flank Tooth Co Tooth Composite 
Error, /," 

The double flank tooth to tooth composite error, fi" 
is the difference between the maximum and mini- 
mum working centre distance that occurs within a 
turning angle corresponding to the period of a tooth 
contact 



Zi « DRIVING GEAR 



Z2 = DRIVEN GEAR 



REAOMO HEADS 




yULTlPUER 
Zi 



DIVIDER 



REAOMO HEADS 
f2 PUlSES/5 



PHASE COHPARATOR 



1^ = f, (= fa ) WILK8A 

Fig. 1 6 Block Diagram op Cmcurr pcmi Swm£ Flank Testing 
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Table 11 Calculation ofTheoretical Dimension Over Pins or Balis, M^ 

( Clause 6.4.4 ) 



Dimension 



With 
even 
No. of 
teeth 



Dimension 

over pins 

or balls 



With 
odd No. 
of teeth 



Externa) Gears 



Spur Gears 



* COSOr " 



Mff^ - ntJ • 



90' 



COSUg 



+ D 



M 



Helical Gears 



oosd^ 



90° 
c»soc,,cos| 



Mb ■ fll(.2 - 



CXISttRt 



+ D. 



Internal Gears 



Spur Gears 



cosa „ 

■^ COSOr "* 



Mt, ■ mjz ■ 



90' 



COSttj^ 



-Dx 



Helical Gears 



COSOj 



CX)SOt.COS 



Mf^^m^ .z- 



90° 



oosagt 



-Dx 



C/3 



tit 



Table 12 Calculation ofdj^^ Uj^, ai^^ and t|) 
(Clause 6 AA) 






Gears 


Exterual Gears 


Internal Gears 


Pin or bat] toudiing the tooth 
flanks above the reference drde 
(without correction) 


Spur gears 


D^ - 1.728m 

<^R n 7x tana i) 

inv Co ■ inva + -r" * 

*^ mz cosa. 2z z 


D^- 1.44m ^^ 

% Jt 2xtana 1) 

invao - inva + t" * 

mucosa 2z z 


Helical gears 


^R „ 2x tana„ i) 


Z)m-1.44«, 


*' ^ mnzcoso^ 2z z 


invaot ■■ invoL + - — ^ . — 

ff«nZC0Sa^ 22 2 


Pin or ball toudiing the tooth 
flanks on the reference circle 


Spur gears 


D^ - m.z sin'iJj/oosaR 
. K { IctanaU) 
^-2z-* z 
ttR - a - i|i 


^M ■ ""^ sim|)/cosan 
n I 2rtana\ l) 

^ 22 1 z \ 
Or + a - ^ 


Helical gears 


»»„ z sin \|)cosan 

" cosa^t . oosa, 

jf, ( 2jc tatiaAi) 
th--— - ± 

^ [ 'J 
aRt-a, + ^ 


m^ z sim^cosa^ 
" cosag, . C0S04 
^ / 2jctananU) 

2z ^ 2 j 
"Rt-Ot-^ ■ 


Pin or ball toudiing the tooth 
flanks below the reference circle 


Spur gears 


£>M ■ — w . cbsa 

2jc tana l) 
inv Or - inva * 


Helical gears 


2x tanon i) 






1) 



Use + sign for positive correction and - sign for negative correction. Substitute the absolute value of jc in the equations. 
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DIRECTION OF CHART FEED 




J'lG. 17 Single Flank Total Composite Error Diagram 

8 INSPECTION OF WVOLUTE RACKS - Double flank composite error, and 

8.1 Corresponding to the measurement of external "* Pf^^^l^- 

gears, the racks are checked for following values; 

- Tooth thickness, For the inspection of tooth thickness, the measurement 

- Penetrating depth of a pin or ball (corresponding "^^^^^ """ P"*' '^ *^ '""^^ ^'^^^'^^^e procedure. Refer 
to runout of a gear), r ig. ^u. 



MEAS URING 
FORCE 



ri~i 



L 



xztn 



A 



Fig. 18 Testing on Doubt.^ Flank Total Composite Error 
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a) 




Fig. 19 Double Flank Total Composite Error Diagram 



The dimension A/r, over pins or balls is given by the /WnJt 

formula: ^^ " 9 ( Round off to a standard pin or ball 

diameter) 

M =b + — ^ ( ^ +l\~ ^°^ For double flank composite error testing of racks of 

'^ 2 Isina^ I 4tana„ limited length, double flank checking machines with 

^ ' suitable attachments are employed. 

The pin or ball diameter. Dm can be calculated from Measuring microscopes and profile projectors are 

suitable for profile and pitch inspection of racks. 



an 



\ 






• 


\ f 1 y^ \ 1 


tTX 


'f- 




r^TTA b 


■ / 




1 I 




mnn- 





Fig. 20 Inspection of Tooth Thicxness 
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